We investigated whether AMP-activated protein kinase (AMPK), a multifunctional regulator of energy homeostasis, is involved in transient receptor potential vanilloid type 1 (TRPV1)-mediated activation of endothelial nitric oxide synthase (eNOS) in endothelial cells (ECs) and mice. In ECs, treatment with evodiamine, the activator of TRPV1, increased the phosphorylation of AMPK, acetyl-CoA carboxylase (ACC) and eNOS, as revealed by Western blot analysis. Inhibition of AMPK activation by compound C or dominant-negative AMPK mutant abrogated the evodiamine-induced increase in phosphorylation of AMPK and eNOS and NO bioavailability, as well as tube formation in ECs. Immunoprecipitation and two-hybrid analysis demonstrated that AMPK mediated the evodiamine-induced increase in the formation of a TRPV1-eNOS complex. Additionally, TRPV1 activation by evodiamine increased the phosphorylation of AMPK and eNOS in aortas of wild-type mice but did not activate eNOS in aortas of TRPV1-deficient mice. In mice, inhibition of AMPK activation by compound C markedly decreased evodiamine-evoked angiogenesis in matrigel plugs and in a hind-limb ischemia model. Moreover, evodiamine-induced phosphorylation of AMPK and eNOS in aortas of apolipoprotein E-deficient (ApoE -/-) mice was abrogated in TRPV1-deficient ApoE -/-mice. In conclusion, TRPV1 activation may trigger AMPK-dependent signaling, which leads to enhanced activation of AMPK and eNOS and retarded development of atherosclerosis.
INTRODUCTION
The transient receptor potential vanilloid type 1 (TRPV1), a ligand-gated cationic channel, is a molecular integrator of multiple chemical and physical stimuli such as evodiamine (an active ingredient of evodia fruit), capsaicin (an active ingredient of hot pepper), anandamide, heat and protons (1) (2) (3) (4) (5) . Activation of TRPV1 in neurons increases calcium (Ca 2+ ) entry, which elevates the intracellular Ca 2+ level, thus leading to the excitation of sensory neurons (2) . Emerging evidence suggests that TRPV1 expressed in nonneuronal cells such as endothelial cells (ECs) may be an important sensor and regulator. Activation of TRPV1 by ligands increases endothelial nitric oxide synthase (eNOS) activity and NO production (6) (7) (8) , both of which confer protection against certain cardiovascular diseases such as hypertension and stroke (9, 10) . However, the detailed mechanism underlying TRPV1-mediated activation of eNOS is not fully understood. AMP-activated protein kinase (AMPK), a heterotrimeric complex with one catalytic subunit (α) and two regulatory subunits (β and γ), is an important sensor in energy homeostasis in mammalian cells (11) (12) (13) . The role of AMPK in modulating energy metabolism has been extensively investigated. AMPK can be activated by an increased ratio of intracellular AMP to ATP and leads to phosphorylation of downstream substrates such as acetyl-CoA carboxylase (ACC), thereby inhibiting energy-consuming biosynthetic and ATP-producing catabolic pathways (14, 15) . Notably, AMPK can confer eNOS-dependent protection in vascular cells independent of energy regulation under various pathophysiological situations (16) (17) (18) . Moreover, clinical therapeutic agents of metabolic syndrome and cardiovascular diseases, such (19, 20) . Additionally, AMPK can be activated by an elevated intracellular Ca 2+ level (21, 22) .
However, whether the AMPK signaling pathway participates in the TRPV1-mediated regulation of eNOS activation and EC function is poorly understood.
In the present study, we aimed to examine the requisite participation of the AMPK signaling pathway in activating eNOS and angiogenesis by the TRPV1 ligand, evodiamine, in ECs and mice. Our data showed that AMPK is required for the evodiamine-induced increase in eNOS phosphorylation at serine 635 (Ser635) and Ser1179, formation of a TRPV1-eNOS-AMPK complex and NO production, as well as angiogenesis in ECs and in mice. In apolipoprotein Edeficient (ApoE -/-) mice, chronic evodiamine administration increased the phosphorylation of AMPK and eNOS in aortas and retarded atherosclerosis, all of which were abrogated in TRPV1-deficient ApoE -/-mice.
MATERIALS AND METHODS

Reagents
Evodiamine, capsaicin and compound C were from Calbiochem (San Diego, CA, USA). Rabbit antibodies for phospho-eNOS at Ser1179, phospho-AMPK at Thr172, phospho-ACC at Ser79, phospho-calcium (Ca 2+ )/calmodulindependent protein kinase II (CaMKII) at Thr286 and ACC were from Cell Signaling Technology (Beverly, MA, USA). Rabbit antibody for phospho-eNOS at Ser635 was from Upstate Biotechnology (Waltham, MA, USA). Rabbit antibodies for eNOS, CaMKII, AMPK, CD31 and protein A/G-Sepharose were from Santa Cruz Biotechnology (Santa Cruz, CA, USA). Mouse antibody for TRPV1 was from Abnova (Taoyuan, Taiwan). Mouse antibody for α-tubulin, NG-nitro-Larginine methyl ester (L-NAME), capsazepine (CPZ), KN62, ethylene glycol tetraacetic acid (EGTA), Griess reagent, heparin, Drabkin reagent, hemoglobin standards and phosphatase inhibitor cocktails 1 and 2 were from SigmaAldrich (St. Louis, MO, USA). Matrigel was from BD Biosciences (San Jose, CA, USA). Lipofectamine was from Invitrogen (Carlsbad, CA, USA).
Cell Culture
Bovine aortic ECs (BAECs) were obtained from Cell Applications (San Diego, CA, USA) and cultured in Dulbecco's modified Eagle medium (DMEM) supplemented with 10% fetal bovine serum and penicillin (100 U/mL)/streptomycin (100 μg/mL) (HyClone, Logan, UT, USA) at 37°C in a 5% CO 2 humidified air incubator. Confluent cells at passage 3-8 were used in all experiments. Mouse aortic ECs (MAECs) were isolated from the aortas of wild-type (WT) or TRPV1 -/-mice and cultured with Medium 200 in Matrigel-coated dishes. Accumulated nitrite (NO 2   - ), the stable metabolite of NO, was measured by mixing an equal volume of culture media and Griess reagent. After incubation at room temperature for 15 min, azo dye production was analyzed by use of an SP-8001 UV/VIS spectrophotometer (Metertech, Taipei, Taiwan) with absorbance set at 540 nm. Sodium nitrite was used as a standard.
Measurement of Nitrite Production
Mice
The 
Hind-Limb Ischemic Model
Male WT C57BL/6 mice at 8 wks of age were anesthetized with pentobarbital (40 mg/kg, intraperitoneally) and the right femoral artery was exposed through an incision in the skin overlying the middle portion of the hind limb. The femoral artery was ligated above and below the profunda femoris branch and the incisions were closed by 5-0 Ethilon sutures. Gastrocnemius muscles were harvested 21 d after femoral artery ligation.
Histological Examination and Immunohistochemical Assessment
Mouse hearts, aortas and gastrocnemius muscles were harvested and fixed with 4% paraformaldehyde, embedded in paraffin, and serially sectioned at 8 μm. Section slides underwent hematoxylin and eosin staining or immunohistochemical analysis. To detect the expression of CD31, sections were deparaf finized, rehydrated and covered with 3% H 2 O 2 for 10 min. After blocking with bovine serum albumin, slides were incubated with anti-CD31 antibody overnight at 4°C, then with the corresponding secondary antibody for 1 h. Antigenic sites were visualized by the addition of 3,3-diamino benzidine. The atherosclerotic lesion areas at the aortic sinus and CD31-positive capillaries were quantified by use of Motic Images Plus 2.0 (Xiamen, China).
Western Blot Analysis and Immunoprecipitation Assay
Cells or aortas were rinsed with phosphate-buffered saline (PBS), then lysed in immunoprecipitation lysis buffer (50 mmol/L Tris pH 7.5, 5 mmol/L EDTA, 300 mmol/L NaCl, 1% Triton X-100, 1 mmol/L phenylmethylsulfonyl fluoride, 10 μg/mL leupeptin and 10 μg/mL aprotinin). Aliquots (1000 μg) of cell lysates were incubated with specific primary antibody overnight, then with protein A/G-Sepharose for 2 h. Immune complexes were collected by centrifugation, washed 3 times with cold PBS, then eluted in sodium dodecyl sulfate (SDS) lysis buffer (1% Triton, 0.1% SDS, 0.2% sodium azide, 0.5% sodium deoxycholate, 10 μg/mL leupeptin, 10 μg/mL aprotinin). Eluted protein samples were separated on 8% or 10% sodium dodecyl sulfate-polyacrylamide gel electrophoresis. After being transferred to membranes, samples were im- 
Mammalian Two-Hybrid System
Rat full-length TRPV1 complementary DNA (cDNA) was subcloned into a picomole per liter vector (Clontech, Palo Alto, CA, USA) with EcoRI and XbaI cutting sites. Human eNOS cDNA was subcloned into a pVP16 vector (Clontech) with a HindIII cutting site. Plasmids for control, pM-AD-TRPV1, pVP16BD-eNOS and pG5SEAP (secreted human alkaline phosphatase) were cotransfected into BAECs by use of Lipofectamin 2000.
After 24 h, cells were treated with or without evodiamine (1 μmol/L) for an additional 24 h. The culture medium was collected and subjected to chemiluminescence assays by use of the GreatEscAPe SEAP kit (Clontech).
Transient Transfection of DominantNegative AMPK Mutant
Transfection involved the Lipofectamine 2000 method. Briefly, BAECs were seeded on 6-well plates to reach 90% confluence. Before transfection, medium was changed to serum-free medium. A 1:3 ratio of vector or dominant-negative AMPKα2 mutant K45R (dnAMPK, Addgene, Cambridge, MA, USA) to Lipofectamine 2000 was used for transfection. After a 24-h transfection, the medium was changed to DMEM with 10% fetal bovine serum for 24 h for further experiments.
Tube Formation Assay
Matrigel was coated onto 24-well plates and polymerized for 30 min at 37°C. Cells were seeded onto the Matrigel layer and incubated with the indicated treatments for 12 h. The morphological features of cells were observed by microscopy and quantified by counting the number of branch points.
In Vivo Matrigel Plug Angiogenesis Assay
To induce the formation of new blood vessels in vivo, Matrigel (8 mg/mL) was mixed with heparin (50 U/mL) with or without treatment with evodiamine (1 μmol/L) and compound C (10 μmol/L), then injected subcutaneously into male mice. At d 7 postinjection, matrigel plugs were removed and photographed. The hemoglobin assay was performed after matrigel plugs were homogenized and incu- bated with Drabkin reagent for 30 min at room temperature. The hemoglobin concentration was calculated at 540 nm.
A M P K I N T R P V 1 -M E D I A T E D e N O S A C T I V A T I O N
Statistical Analysis
The experiments were performed at least five times. Results are presented as mean ± standard deviation (SD). The MannWhitney U test was used to compare two independent groups. Kruskal-Wallis followed by Bonferroni post hoc analyses was used to account for multiple testing. SPSS v19.0 (SPSS Inc, Chicago, IL, USA) was used for analysis. Differences were considered statistically significant at P < 0.05.
RESULTS
TRPV1 Ligand Evodiamine Increases AMPK and eNOS Phosphorylation
To test whether the TRPV1 ligand evodiamine could induce AMPK phosphorylation in ECs, we treated BAECs with 1 μmol/L evodiamine for various times. Treatment with evodiamine significantly increased the phosphorylation of AMPK at Thr172, which occurred as early as 10 min after treatment compared with time zero (Figures 1A, C) . In parallel, the phosphorylation of upstream kinase of AMPK liver kinase B1 (LKB1) (data not shown) and CaMKII ( Figures 1A, B) , and downstream target ACC for AMPK activation ( Figures 1A,  D) , were time dependently increased in response to evodiamine. Additionally, the phosphorylation of eNOS at Ser635 and Ser1179, two target sites of AMPK, was increased with evodiamine treatment ( Figures 1A, E) . Moreover, treatment of capsaicin, another TRPV1 ligand, also elevated the phosphorylation of AMPK and eNOS at Ser635 and Ser1179 ( Figure 1F ).
We next examined whether the ligandinduced increase in AMPK and eNOS phosphorylation was specifically due to TRPV1 activation. Treatment with 1 μmol/L evodiamine significantly increased AMPK (Figure 2A ) and eNOS phosphorylation ( Figure 2B ), both of which were nearly abrogated by pretreatment with CPZ, a specific TRPV1 antagonist. Removing extracellular Ca 2+ in medium by EGTA, a cell nonpermeant Ca 2+ chelator, prevented the evodiamine-induced phosphorylation of AMPK ( Figure 2C) ; moreover, pretreatment with KN62 (a CaMKII inhibitor) abrogated the evodiamineinduced increase in AMPK phosphorylation ( Figure 2D ), which indicates that CaMKII is the upstream molecule of the AMPK signaling pathway. These results suggest the essential role of Ca 2+ -dependent CaMKII/ AMPK signaling in the TRPV1-mediated activation of eNOS. 
R E S E A R C H A R T I C L E
AMPK Activation Is Required for TRPV1 Ligand-Mediated eNOS Activation and EC Functions
We next examined whether the evodiamine-induced increase in AMPK phosphorylation contributes to eNOS activation and consequent NO production. Pretreatment with 10 μmol/L compound C, a specific AMPK antagonist, abrogated the ligand-induced phosphorylation of AMPK and eNOS, as well as NO production in BAECs ( Figures 3A, B) . NO-dependent angiogenesis is a critical process involving the growth and development of new blood vessels, to implement wound healing or be the target for combating diseases such as arteriosclerosis and ischemic heart disease (24) . We next investigated whether AMPK activation is involved in this physiological function of ECs by activating TRPV1. Blockage of AMPK activation by compound C prevented the evodiamine-elicited tube formation ( Figure 3C ).
To further confirm the role of AMPK activation in TRPV1-mediated eNOS activation and EC functions, we inhibited AMPK activity by overexpressing dominant-negative AMPK (dnAMPK) mutant (K45R) in BAECs. As shown in Figures 4A, B , the increase in the phosphorylation of eNOS and NO production by evodiamine were nearly abolished in dnAMPK mutant-overexpressed BAECs. Moreover, overexpression of dnAMPK mutant prevented the evodiamineinduced increase in tube formation (Figure 4C) . These results strongly suggest that AMPK signaling plays a pivotal role in TRPV1-mediated eNOS activation and EC functions.
AMPK Signaling Is Essential for the Ligand-Induced Increase in Association of TRPV1 and eNOS
In addition to kinase-dependent regulation, the physical interaction of eNOS with various intracellular proteins plays a crucial role in the regulation of eNOS activity (25, 26) . We previously demonstrated that Ca 2+ -dependent PI3K/Akt/ CaMKII signaling is important for the ligand-induced increase in TRPV1-eNOS interaction (8); however, whether AMPK also participates in evodiamine-induced association of TRPV1 and eNOS is largely unknown. Results from immunoprecipitation assay revealed that treatment with 1 μmol/L evodiamine for 15 min increased the interaction of AMPK with TRPV1 and eNOS, and TRPV1 with eNOS ( Figures 5A, B) . Inhibition of AMPK activation by compound C or dnAMPK mutant prevented the evodiamine-induced formation of the AMPK-TRPV1 complex ( Figure 5C ). Additionally, the physical interaction between TRPV1 and eNOS was further supported by a mammalian two-hybrid assay. Treatment with evodiamine increased the interaction of pM-TRPV1 and pVP-eNOS, as revealed by an increase in secreted human alkaline phosphatase (SEAP) activity in the medium. Furthermore, suppression of AMPK activation inhibited the TRPV1-eNOS interactionmediated increase in SEAP activity (Figure 5D) . Thus, AMPK signaling may be required for the TRPV1 ligand-induced increase in TRPV1-eNOS interaction.
A M P K I N T R P V 1 -M E D I A T E D e N O S A C T I V A T I O
Role of AMPK in TRPV1 LigandMediated eNOS Phosphorylation In Vivo
Results from primary MAECs showed that evodiamine treatment increased the phosphorylation of AMPK and eNOS in WT cells, and deletion of TRPV1 completely abrogated such effects (Figure 6A) . We intraperitoneally injected male WT mice with evodiamine and measured the phosphorylated levels of AMPK in aortas. In WT mice, the increase in AMPK phosphorylation was induced as early as 1 h after injection (Figure 6B) . In contrast, the TRPV1 ligandinduced increase in AMPK and eNOS phosphorylation was markedly lower in TRPV1 -/-than WT aortas ( Figure 6C ).
AMPK Plays a Crucial Role in TRPV1 Ligand-Mediated Promotion of Angiogenesis and Retardation of Atherogenesis In Vivo
We previously reported that ligandactivated TRPV1 increased vascularization in matrigel plugs in WT mice; however, whether AMPK is involved in this effect was largely unknown. The combination of evodiamine (1 μmol/L) and compound C (10 μmol/L) markedly attenuated evodiamine-increased angiogenesis and hemoglobin content in matrigel plugs ( Figure 7A ). Similar results were also found in a hind-limb ischemia mouse model. Intraperitoneal injection of evodiamine (3 mg/kg) increased capillary numbers in ischemic limb muscle; however, combined treatment with evodiamine (3 mg/kg) and compound C (1 mg/kg) markedly decreased evodiamine-increased neovascularization (Figure 7B) . Moreover, because improved EC function is important for impeding the development of atherosclerosis, we investigated chronic treatment with evodiamine (10 mg/kg) to activate TRPV1 in ApoE -/-and ApoE 
TRPV1
-/-mice showed significantly reduced atherosclerotic lesion areas ( Figure 7C ) and, in parallel, increased phosphorylation of AMPK and eNOS in aortas ( Figure 7D ). These results suggest that AMPK may play a critical role in the TRPV1-mediated pathophysiological function of ECs in vivo.
R E S E A R C H A R T I C L E
DISCUSSION
Although TRPV1 has been implicated in the regulation of EC physiological functions, the potential molecular mechanism underlying TRPV1 function is not fully resolved. In the current study, we characterized the critical role of AMPK in TRPV1-mediated eNOS activation and NO production in ECs. Exposing ECs to a TRPV1 ligand, evodiamine, increased NO production, phosphorylation of eNOS at Ser635 and Ser1179, and AMPK phosphorylation. This increased eNOS phosphorylation was preceded by enhanced phosphorylation of AMPK. With the use of a specific AMPK inhibitor or dnAMPK mutant, we revealed that TRPV1 ligand-induced phosphorylation of eNOS at Ser635 and Ser1179, NO production and angiogenesis depended on the activation of the AMPK signaling pathway. These findings are in line with previous findings that AMPK functionally phosphorylates eNOS at Ser635 and Ser1179 in ECs and subsequently promotes NO bioavailability in ECs (27, 28) . Consistent with our in vitro findings, WT but not TRPV1 -/-aortas showed increased phosphorylation of AMPK and eNOS at Ser635 and Ser1179 with evodiamine treatment. NO-dependent angiogenesis is a critical remodeling process in new blood vessel development, wound healing and combating illnesses such as arteriosclerosis and ischemic heart diseases. We further validated that AMPK played a crucial role in TRPV1 ligandmediated promotion of angiogenesis in matrigel plugs and in a hind-limb ischemia model. Additionally, chronic treatment of ApoE -/-mice with evodiamine elevated phosphorylation of AMPK and eNOS, thus leading to retarded atherosclerosis. These findings strongly suggest that AMPK is a crucial regulator in the TRPV1 activation-elicited promotion of eNOS activation and NO production, as well as the amelioration of atherosclerosis. We then used an EC culture system to elucidate how AMPK signaling regulates the evodiamine-induced activation of eNOS/NO signaling pathway. Interestingly, blocking TRPV1- increase in phosphorylation of AMPK and eNOS. Of note, in concert with AMPK-mediated eNOS activation, we found CaMKII to be the upstream signaling molecule for AMPK phosphorylation with evodiamine stimulation. Several lines of evidence point to the tumor suppressor kinase LKB1 as an upstream AMPK kinase (AMPKK) in the activation of AMPK signaling in variety of pathophysiological conditions (29, 30) . Indeed, we found that evodiamine could also be involved in the time-dependent increase of LKB1 phosphorylation (data not shown). However, whether LKB1 is involved in TRPV1-mediated eNOS activation and its crosstalk with CaMKII signaling remains an area for further investigation. Moreover, our results regarding the non-LKB1 AMPKK function of CaMKII in TRPV1 ligand-induced activation of AMPK/eNOS signaling are consistent with previous studies of caffeine-elicited fatty acid uptake and oxidation, and puerarin-increased eNOS phosphorylation mediated through a CaMKII/AMPK signaling pathway (31, 32) . Recently, growing evidence has suggested that the TRPV1 channel plays an important role in the activation of eNOS activation and eNOS-related cardiovascular diseases such as hypertension and atherosclerosis (7, 8) . TRPV1 activation by capsaicin leads to increased phosphorylation of protein kinase A (PKA) and eNOS in ECs and improved vasorelaxation and reduced blood pressure in hypertensive rats (7 
A M P K I N T R P V 1 -M E D I A T E D e N O S A C T I V
Emerging evidence indicates that the activation of AMPK plays an important role in physiological and pathological functions of the cardiovascular system (16, 17) . Both endogenous and exogenous stimuli may induce eNOS-derived NO production by activating AMPK signaling. For instance, shear stress, the major physiological stimulation in the vascular system, was found to activate AMPK, which in turn phosphorylated eNOS at Ser635 and Ser1179, thus leading to enhanced NO bioavailability (27, 36) . Additionally, several cytokines such as vascular endothelial growth factor and erythropoietin have been postulated to promote endothelial progenitor cell differentiation, EC survival and angiogenesis through an AMPK signaling pathway (37) (38) (39) (40) (41) . In addition to the beneficial effects of AMPK in the endothelium, activation of AMPK by the pharmacological activator aminoimidazole-carboxamideribonucleotide (AICAR) profoundly inhibited platelet-derived growth factoror angiotensin II-induced smooth muscle cell proliferation (42) . In addition, AICAR inhibited the formation of foam cells and progression of atherosclerosis (43) . In contrast, genetic deletion of AMPKα2 aggravated the progression of atherosclerosis in ApoE -/-mice (44).
Notably, our study showed that exposing ECs to evodiamine rapidly increased the physical interaction of TRPV1 with eNOS and AMPK. In neuronal cells, the interaction of TRPV1 with other intracellular proteins such as PKA and CaMKII, two key kinases involved in the regulation of eNOS activation, is an important event in the regulation of TRPV1 channel activity. This notion was further supported by our findings that in parallel to the eNOS activation, exposing ECs to evodiamine markedly increased the physical interaction of TRPV1 with eNOS and AMPK. Thus, apart from its channel function, TRPV1 may function as a scaffold for the recruitment and formation of a complex encompassing eNOS and kinases, and these proteinprotein interactions may also be critical for the regulation of eNOS activity, which agrees with our previous finding of TRPV1 ligands promoting the formation of the TRPV1-Akt-CaMKII-eNOS complex in ECs (8) . These findings strongly indicate that kinase-dependent regulation and protein-protein interaction may work in concert to promote eNOS activation and NO production in response to TRPV1 ligands in ECs. Similarly, another transient receptor potential (TRP) channel, TRPC3, has been identified to contain an AMPK binding site at its C-terminal domain, which is essential for TRPC3 activation and its association with the intracellular cytoskeleton in response to erythropoietin stimulation (45) .
In traditional Chinese medicine, the fruit of Evodiae fructus has been widely used in humans for centuries to treat angina pectoris, hypertension, gastrointestinal diseases and headache (46) (47) (48) . During the past decades, evodiamine, the main ingredient of the bioactive components of this fruit, had been found to account for the antiarrhythmic or hypotensive effect by prolonging the action-potential duration in cardiac cells or by inducing vascular relaxation (49, 50) . Notably, we recently demonstrated that evodiamine can induce an increase in NO bioavailability in ECs and confer protection from atherosclerosis in ApoE-deficient mice (8) . In this study, we further confirmed that clinical relevance of TRPV1-AMPK signaling in evodiamine-mediated angiogenesis and atheroprotection. Thus, our findings sug-gest that evodiamine may be a cardiovascular protective agent. On the other hand, the clinical significance of TRPV1 function has been implicated in cardiovascular diseases (7, 8, 51) . For instance, activation of TRPV1 by capsaicin causes eNOS-dependent vasorelaxation and thereby reduces the blood pressure in experimental animals (7). Activation of TRPV1 by capsaicin delays the onset of stroke in experimental animals (51) . These lines of evidence imply that evodiamine-mediated TRPV1 activation may have the clinical therapeutic value in eNOS-related cardiovascular disease.
CONCLUSION
In conclusion, our findings suggest that TRPV1 activation by evodiamine in ECs may trigger AMPK signaling to integrate kinase-dependent regulation and protein-protein interaction in the activation of eNOS, which in turn augments NO production to promote angiogenesis, leading to retarded atherogenesis. The molecular mechanisms revealed in this study may provide new information for better understanding of the molecular mechanisms by which evodiamine affects angiogenesis and atherosclerosis.
